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Luprops EHHWOHV 7HQHEULRQLGDH /DJULLQDH
/XSURSLQL H[WHQG IURP WURSLFDO $IULFD WKURXJK
$VLD DQG WKH (DVW ,QGLHV WR 3DSXD 1HZ *XLQHD
DQG DUH JHQHUDOO\ UHJDUGHG DV DQ LQFRQVSLFXRXV
OLWWHUGZHOOLQJ GHWULWLYRUH 'R\HQ HW DO 
+RZHYHU LQYDVLRQ RI KXJH DJJUHJDWLRQV RI WKH
OLWWHU GZHOOLQJ EHHWOH Luprops tristis )DEULFLXV
QXPEHULQJ DERXW  WR RYHU  PLOOLRQ SHU
UHVLGHQWLDO EXLOGLQJ IROORZLQJ VXPPHU VKRZHUV
DQG WKHLU SURORQJHG VWD\ LQ D VWDWH RI GRUPDQF\ LV
D UHJXODU HYHQW LQ UXEEHU SODQWDWLRQ WUDFWV DORQJ
WKH ZHVWHUQ VORSHV RI WKH VRXWKHUQ UHJLRQ RI WKH
:HVWHUQ *KDWV )LJXUH  7KHLU KLJK DEXQGDQFH
LQ WKH UDQJH RI  SHU P RI OLWWHU RU DERXW 
PLOOLRQ SHU KHFWDUH LQ UXEEHU SODQWDWLRQV LQ WKH
YLFLQLW\ RI RYHU ZLQWHULQJ VKHOWHUV 6DEX 
LOOXVWUDWHV WKH UHJLRQDO LPSRUWDQFH RI L. tristis DV
D QXLVDQFH VSHFLHV +DOI D PLOOLRQ KHFWDUHV RI
UXEEHU SODQWDWLRQV DUH SUHVHQW DORQJ WKH ZHVWHUQ
VORSHV RI WKH :HVWHUQ *KDWV LQ WKH VRXWK ,QGLDQ
VWDWHV RI .HUDOD DQG 7DPLO 1DGX $JULFXOWXUDO
VWDWLVWLFV ± +LQGX  (YHQ LI
K\SRWKHWLFDOO\ RQO\  RI UXEEHU SODQWDWLRQV DUH
PDWXUH ZLWK D OLWWHU OD\HU WKLFN HQRXJK WR VXSSRUW
EHHWOHV HVWLPDWHV RI WKHLU DEXQGDQFH UHDFK DQ
DVWRQLVKLQJ  ELOOLRQ :LWK WKHLU OLWWHU IHHGLQJ
KDELWV KDUPOHVV QDWXUH QRFWXUQDO VXUIDFH DFWLYLW\
DQG GLXUQDO SDVVLYLW\ LQ ORZHU OLWWHU OD\HUV WKH\
ZRXOG KDYH UHPDLQHG LQFRQVSLFXRXV IDFLOLWDWRUV RI
OLWWHU GHFRPSRVLWLRQ DQG QXWULHQW F\FOLQJ LQ
PRQRFXOWXUH UXEEHU SODQWDWLRQ IRUHVWV LQ WKH
UHJLRQ +RZHYHU WKHLU PDVVLYH VHDVRQDO LQYDVLRQ
LQWR UHVLGHQWLDO EXLOGLQJV PDNHV WKHP WKH PRVW
GUHDGHG EHHWOHV WR IDUPLQJ FRPPXQLWLHV
VXUURXQGLQJ UXEEHU SODQWDWLRQV 0DVVLYH
DJJUHJDWLRQV QXPEHULQJ DSSUR[LPDWHO\ 
LQGLYLGXDOV DQG GRUPDQF\ E\ DQRWKHU WURSLFDO
EHHWOH Stenotarsus rotundus $UURZ
(QGRP\FKLGDH ZDV HDUOLHU UHSRUWHG IURP WKH
WURSLFDO IRUHVWV LQ 3DQDPD :ROGD DQG 'HQOLQJHU
 7DQDND HW DO  'HQOLQJHU  <HW
WKHLU VKHHU DEXQGDQFH DORQJ ZLWK H[WHQVLYH
LQFLGHQFH RI VXFK DJJUHJDWLRQV LQ WKH UHJLRQ DQG
WKH SHUVLVWHQW XVH RI D VXEVHW RI EXLOGLQJV LQ HDFK
ORFDOLW\ DV VKHOWHU IRU PRUH WKDQ WZR GHFDGHV
PDNHVWKHSUHVHQWFDVHXQLTXH
7KH FRQWLQXHG SUHVHQFH DQG DWWUDFWLRQ RI WKHVH
EHHWOHV WRZDUGV OLJKW IROORZLQJ RYHUQLJKW
LQYDVLRQ LQWR EXLOGLQJV LV D IUXVWUDWLQJ QXLVDQFH
IRU ORFDO SHRSOH &OXVWHUV RI VHYHUDO KXQGUHG WR
WKRXVDQGV FUDZO LQVLGH WKH OLYLQJ URRPV DQG IDOO
RII LQWR EHGV DQG IRRG IURP FHLOLQJV 6XEVHTXHQWO\
WKH\ FRQJUHJDWH LQ GDUN XQGLVWXUEHG DUHDV VXFK
DV DWWLFV DQG ZDOO YRLGV DQG UHPDLQ GRUPDQW IRU
VHYHUDO PRQWKV 7KH\ GR QRW VWLQJ RU ELWH EXW
ZKHQ GLVWXUEHG VXFK DV SLFNLQJ WKHP RII WKH
ZDOOV RU ZKHQ WKH\ DUH VTXDVKHG RU SUHVVHG
DJDLQVW ZKLOH VOHHSLQJ WKH\ UHOHDVH DQ LUULWDWLQJ
RGRULIHURXV SKHQROLF VHFUHWLRQ WKDW FDXVHV D EXUQ
WR WKH VNLQ 7KH KDSOHVV UXEEHU IDUPLQJ
FRPPXQLW\ DQG WKH DXWKRULWLHV RI WKH UHVLGHQWLDO
HGXFDWLRQDO LQVWLWXWLRQV LQ WKH UXEEHU EHOWV DSSO\
EURDGVSHFWUXP LQVHFWLFLGHV WR NLOO WKH DJJUHJDWHG
PDVVHV RI EHHWOHV ZLWK IXOO DZDUHQHVV RI WKH ULVNV
LQYROYHGLQLQGRRUDSSOLFDWLRQRILQVHFWLFLGHV
7KH ORZLQFRPH HVWDWH ZRUNIRUFH OLYLQJ LQ WKH
YLFLQLW\ RI SODQWDWLRQV LQ RQH URRP FRFRQXW
SDOPWKDWFKHG ORZKHLJKW VKHGV DUH WKH ZRUVW
DIIHFWHG 6PDOO VKHGV PDGH RI VWDFNHG FRFRQXW
IURQGV DUH WKH SUHIHUUHG VKHOWHUV RI WKHVH EHHWOHV
DQG WKH EHHWOHV DUH VWURQJO\ DWWUDFWHG WR NHURVHQH
ODPSV XVHG E\ ORZLQFRPH ODERXUHUV ,Q DGGLWLRQ
WR WUDGLWLRQDO WLOH URRIHG ZRRGHQ EXLOGLQJV DQG
WKDWFKHG VKHGV L. tristis DJJUHJDWHV LQ D YDULHW\ RI
RWKHU RYHUZLQWHULQJ TXDUWHUV LQ WKH SUHPLVHV RI
UHVLGHQWLDO EXLOGLQJV LQ UXEEHU SODQWDWLRQ WUDFWV
LQFOXGLQJ KD\ VWDFNV LQ FRZ VKHGV KROORZ ZRRGHQ
EORFNV FRFRQXW IURQGV DQG FRFRQXW KXVNV LQ
ILUHZRRG VWRFNV DQG SLOHV RI ZRUQ RXW
SRO\HWK\OHQH UDLQ JXDUGV $JJUHJDWLRQV DUH DOVR
FRPPRQ LQ FUHYLFHV EHORZ ERXOGHUV LQ UXEEHU
SODQWDWLRQV )LJXUH  ,WV IDPLOLDU SUHVHQFH EHORZ
FRFRQXW VKHDWKV LQ WKDWFKHG VKHGV DQG LQ
ILUHZRRG VWRFNV DQG RQ ZRRGZRUNV VXSSRUWLQJ
HDUWKHQ WLOH URRILQJ LQ WUDGLWLRQDO EXLOGLQJV KDV
OHG WR WKH SRSXODU QDPHV ³2OD SUDQL´ DQG ³2DGX
YDQGX´ 2OD FRFRQXW IURQGV 2DGX FOD\ WLOH
SUDQL 	 YDQGX  EHHWOH LQ WKH UHJLRQDO ODQJXDJH LQ
QRUWK .HUDOD ,Q FHQWUDO DQG VRXWK .HUDOD WKH\ DUH
NQRZQ DV ³0XSOL YDQGX´ LQ UHIHUHQFH WR WKH ILUVW
UHSRUWLQJ RI VXFK KXJH DJJUHJDWLRQV LQ WKH UXEEHU
HVWDWHV DW 0XSOLXP LQ FHQWUDO .HUDOD GXULQJ WKH
V
'HVSLWH WKUHH GHFDGHV RI ZLGHVSUHDG SUHVHQFH LQ
WKH UHJLRQ H[FHSW IRU VKRUW QRWHV RQ
GHYHORSPHQWDO VWDJHV DQG VWDWXV DV D QXLVDQFH
SHVW 1DUHQGUDQ  -RVH  7KRPDV DQG
-DFRE  QR GHWDLOV DERXW WKH ELRORJ\
EHKDYLRU DQG GRUPDQF\ RI L. tristis DUH DYDLODEOH
,WV DPD]LQJO\ V\QFKURQRXV PDVVLYH LQIHVWDWLRQ
DEXQGDQFH DQG VHOHFWLRQ RI VSHFLILF EXLOGLQJV DV
VKHOWHU IRU PRUH WKDQ  FRQVHFXWLYH \HDUV
UHPDLQV DV D FXULRXV HFRORJLFDO SKHQRPHQRQ WR
ELRORJLVWV ZKHUHDV LW LV D PDWWHU FDXVLQJ DJRQ\
DQG FRQFHUQ WR WKH DIIHFWHG SHRSOH LQ UXEEHU
SODQWDWLRQ EHOWV ,Q WKH SUHVHQW VWXG\
FRPSUHKHQVLYH LQIRUPDWLRQ RQ WKH OLIH F\FOH
DJJUHJDWLRQ EHKDYLRU DQG GRUPDQF\ RI WKH EHHWOH
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EDVHG RQ VWXGLHV LQ ERWK QDWXUH DQG ODERUDWRU\
FRQGLWLRQV DUH SURYLGHG (QYLURQPHQWDO
FRQGLWLRQV GXULQJ GLDSDXVH SURIRXQGO\ LQIOXHQFH
LWV GXUDWLRQ DQG WKHUHIRUH LW LV HUURQHRXV WR UHODWH
ODERUDWRU\ GHULYHG GDWD WR ILHOG VLWXDWLRQV LQ
VWXGLHV LQYROYLQJ GLDSDXVH 7DXEHU DQG 7DXEHU
 +HQFH ZH FRQGXFWHG H[SHULPHQWV XQGHU
ODERUDWRU\ DQG ILHOG FRQGLWLRQV DQG PRQLWRUHG WKH
DFWLYLWLHV RI DJJUHJDWLRQV VHWWOHG LQ QDWXUDO
FRQGLWLRQV 7KHVH GHWDLOV PD\ DVVLVW LQ WKH
GHYHORSPHQW RI HIILFLHQW VWUDWHJLHV IRU FRQWUROOLQJ
WKH SRSXODWLRQ EXLOG XS RI L. tristis E\ WKH HIIRUWV
RI VFLHQWLILF FRPPXQLW\ DQG UXEEHU SODQWHUV DQG
SURYLGH DGGLWLRQDO GDWD RQ WKH ELRORJ\ DQG
HFRORJ\RIWKLVVSHFLHV
0DWHULDOVDQG0HWKRGV
6WXGLHV ZHUH FRQGXFWHG DW 'HYDJLUL FROOHJH
FDPSXV ORFDWHG  NP HDVW RII WKH 0DODEDU &RDVW DW
&DOLFXW  ᓉ 1  ᓉ ( LQ WKH .HUDOD VWDWH
RI ,QGLD )LJXUH  &DOLFXW UHFHLYHV DQ DYHUDJH
DQQXDO UDLQIDOO FD  FP &:5'0  DQG
KDV D UHODWLYH KXPLGLW\ RI  7KH QRUWKHDVW
PRQVRRQ IURP 2FWREHU WR 1RYHPEHU VXSSOHPHQWV
WKH -XQH WR 6HSWHPEHU VRXWKZHVW PRQVRRQ LQ WKH
UHJLRQ $Q LVRODWHG  KHFWDUH UXEEHU Hevea
brasiliensis :LOGH[ $GU 'H -XV 0XHOO $UJ RI
55,,  FORQH SODQWDWLRQ LV SUHVHQW RQ WKH
FROOHJH FDPSXV ORFDWHG PLGZD\  P DPVO
EHWZHHQ WKH FRDVWDO DUHD DQG WKH UXEEHU
SODQWDWLRQ EHOWV LQ WKH IRRWKLOOV RI :D\DQDG UHJLRQ
RI :HVWHUQ *KDWV 7KUHH HVVHQWLDO FRPSRQHQWV IRU
WKH VWXG\ ZHUH DYDLODEOH RQ WKH FROOHJH FDPSXV D
UXEEHU SODQWDWLRQ ZLWK SUHYLRXV KLVWRU\ RI
Luprops LQFLGHQFH D FROOHJH GRUPLWRU\ EXLOGLQJ
LQ WKH YLFLQLW\ RI WKLV SODQWDWLRQ ZLWK D KLVWRU\ RI
EHHWOH LQYDVLRQ DQG D ODERUDWRU\ VHWXS 7KHVH
HQDEOHG VLPXOWDQHRXV VWXGLHV XQGHU ILHOG DQG
ODERUDWRU\ FRQGLWLRQV )LHOG VWXGLHV ZHUH
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 P SORW FRYHUHG ZLWK D IHZ FRFRQXW IURQGV LQ WKH
PLGGOH RI WKH SODQWDWLRQ 7KLV VKHOWHU ZDV
SURYLGHG EHFDXVH SODQWDWLRQV DUH GHYRLG RI OHDYHV
LQ 'HFHPEHU-DQXDU\ DIWHU OHDI VKHGGLQJ DQG
GLUHFW VXQOLJKW UHDFKHV WKH IORRU RI WKH SODQWDWLRQ
%HHWOHV FRQILQHG LQ H[SHULPHQWDO VHWXSV LQ WKH
ILHOG GR QRW KDYH WKH OLEHUW\ WR IUHHO\ FKRRVH DQ
LGHDO VSRW XQGHU KRW GU\ FRQGLWLRQV GXULQJ WKH
GD\WLPH ([SHULPHQWV LQ DJJUHJDWLRQ VKHOWHUV
ZHUHGRQHLQWKHGRUPLWRU\EXLOGLQJ
/LIHKLVWRU\VWXGLHV
/LIH KLVWRU\ VWXGLHV ZHUH FRQGXFWHG LQ
H[SHULPHQWDO VHWXSV SODFHG LQ SODQWDWLRQV
UHVLGHQWLDO EXLOGLQJV DQG WKH ODERUDWRU\ IURP
'HFHPEHUWR-XQH
D/LIHKLVWRU\VWXGLHVLQODERUDWRU\VHWXSV
$ SUHOLPLQDU\ VWXG\ ZDV FDUULHG RXW XQGHU WKH
RXWGRRU VKHOWHU DQG LQ WKH ODERUDWRU\ GXULQJ
± WR GHWHUPLQH WKH IHDVLELOLW\ RI  UHDULQJ
L. tristis LQ FOD\ YHVVHOV DQG SODVWLF WUD\V ILOOHG
ZLWK ILHOG FROOHFWHG VRLO DQG OLWWHU  PDLQWDLQLQJ
GRUPDQW EHHWOHV LQ FOD\ YHVVHOV DQG ZRRGHQ ER[HV
 LQGXFLQJ GRUPDQF\ E\ VSUD\LQJ RI ZDWHU DQG
 LGHQWLI\LQJ WKH SHULRG RI DURXVDO IURP
GRUPDQF\ 7KHVH WULDOV UHYHDOHG WKDW DURXVDO IURP
GRUPDQF\ DQG WKH SRVWGRUPDQF\ UHWXUQ RI
EHHWOHV FRLQFLGH ZLWK WKH RQVHW RI DQQXDO UXEEHU
WUHH OLWWHU IDOO LQ HDUO\ 'HFHPEHU +HQFH DFWLYLWLHV
RI GRUPDQW EHHWOHV LQ WKH GRUPLWRU\ EXLOGLQJ ZHUH
PRQLWRUHG XQWLO WKHLU H[RGXV WR UXEEHU
SODQWDWLRQV DKHDG RI WKH RQVHW RI DQQXDO OLWWHU IDOO
LQ UXEEHU SODQWDWLRQV LQ WKH VHFRQG ZHHN RI
'HFHPEHU $SSUR[LPDWHO\  SHUVRQ KRXUV ZHUH
VSHQW LQ SODQWDWLRQV DQG LQ GRUPLWRU\ EXLOGLQJV
UHFRUGLQJ WKH EHKDYLRXU RI L. tristis GXULQJ
GRUPDQF\DQGUHWXUQWRUXEEHUSODQWDWLRQV
7ZHQW\ UDQGRPO\ VHOHFWHG  P TXDGUDQWV RI
UXEEHU OLWWHU IURP WKH SODQWDWLRQ ZHUH VLIWHG RQ
DOWHUQDWH GD\V ZLWK WKH RQVHW RI DQQXDO OLWWHU IDOO
LQ 'HFHPEHU WR GHWHUPLQH WKH UHWXUQ RI EHHWOHV WR
WKH ILHOG  PDOHV DQG IHPDOHV ZHUH UDQGRPO\
VRUWHG IURP WKH FROOHFWLRQV 6H[LQJ ZDV EDVHG RQ
WKH SUHVHQFH RU DEVHQFH RI WKH VWHUQDO QRWFK RQ
WK VWHUQLWH 9LQRG HW DO LQ SUHVV )HPDOHV ZHUH
PDUNHGZLWKZKLWHDFU\OLFSDLQWRQHO\WUD
6RUWHG PDOHV DQG IHPDOHV ZHUH NHSW LQ IRXU
PHVKWRSSHG ODUJH FOD\ YHVVHOV 7ZHQW\ILYH
PDOHV DQG WZHQW\ILYH IHPDOHV LQ HDFK YHVVHO 
[  FP KDOIILOOHG ZLWK VRLO DQG IUHVKO\ IDOOHQ
UXEEHU SODQWDWLRQ OLWWHU &OD\ YHVVHOV ZHUH
WUDQVIHUUHG WR D ZRRGHQ JURZWK FKDPEHU  [ 
[  P ZLWK ILQH PHVKHG VLGH ZLQGRZV IURQW
JODVV SDQHO DQG SURYLVLRQV IRU VKDGLQJ 7KH
H[WHULRU RI FOD\ YHVVHOV DQG OLWWHU LQVLGH ZHUH
VSUD\HG ZLWK ZDWHU WR VLPXODWH WKH ZHW OLWWHU
FRQGLWLRQV SUHYDLOLQJ LQ UXEEHU SODQWDWLRQV IURP
WKH VHWWOLQJ RI GHZGURSV LQ 'HFHPEHU DQG
-DQXDU\
$V VRRQ DV PDWLQJ SDLUV ZHUH REVHUYHG LQ WKH OLWWHU
IORRU SDLUHG PDOHV DQG IHPDOHV ZHUH WUDQVIHUUHG
WR ODEHOHG SODVWLF YLDOV  [  FP ZLWK D WKLQ
OD\HU RI FKDUFRDO DQG SODVWHU RI 3DULV PL[WXUH DW
WKH ERWWRP 9LDOV ZHUH NHSW WRJHWKHU LQ WDOO
UHFWDQJXODU SODVWLF WUD\V  [  [  FP DQG
SODFHG LQ WKH ZRRGHQ FKDPEHU 7KLUW\ UHSOLFDWH
SDLUV ZHUH PDLQWDLQHG )RU HDFK SDLU PDWLQJ
GXUDWLRQ RI SUHRYLSRVLWLRQ IUHTXHQF\ RI
RYLSRVLWLRQDQGIHFXQGLW\ZHUHUHFRUGHG
2QH KXQGUHG HJJV ODLG GXULQJ D KU SHULRG ZHUH
WUDQVIHUUHG WR  SHWUL GLVKHV  [  FP GLVK
DQG PRQLWRUHG DW KU LQWHUYDOV 7KH QXPEHU RI
HJJV KDWFKHG DQG WKH GXUDWLRQ RI HJJ GHYHORSPHQW
ZHUH UHFRUGHG 3DLUV RI QHRQDWH ODUYDH KDWFKHG
ZLWKLQ D KU SHULRG ZHUH WUDQVIHUUHG WR ODEHOHG
SODVWLF YLDOV  [  FP ZLWK D PRLVW ILQH
KDLUEUXVK DQG SURYLGHG IUHVK OLWWHU DV IRRG VRXUFH
7ZR ODUYDH SHU FRQWDLQHU ZHUH XVHG WR PDNH LW
SRVVLEOH WR IROORZ WKH GHYHORSPHQW RI VXFFHVVLYH
ODUYDO LQVWDUV 7KLV SURFHGXUH DOVR DYRLGHG WKH
LQKLELWRU\ HIIHFW RI FURZGLQJ RQ ODUYDO
GHYHORSPHQW LQ WHQHEULRQLGV 7VFKLQNHO DQG
:LOVRQ  'HYHORSPHQW RI SDLUHG ODUYDH XS WR
DGXOW HFORVLRQ ZDV PRQLWRUHG *URXSV RI  YLDOV
LH  LQGLYLGXDOV ZHUH WUHDWHG DV D VLQJOH
VDPSOH )LYH VXFK JURXSV ZHUH PDLQWDLQHG 7KXV
D WRWDO RI  ODUYDH LQ  YLDOV ZHUH DYDLODEOH IRU
DQDO\VLV $ SDUDOOHO VWRFN RI  LQGLYLGXDOV ZDV
PDLQWDLQHG WR UHSODFH WKH LQGLYLGXDOV ORVW E\
PRUWDOLW\ LQ GLIIHUHQW VWDJHV /DUYDH ZHUH
PRQLWRUHG DW HYHU\ KU LQWHUYDO ZLWK WKH
GHYHORSPHQW WLPH RI LQVWDUV GHWHUPLQHG IURP WKH
H[XYLDH OHIW EHKLQG 7KH GXUDWLRQ RI ODUYDO
SUHSXSDO DQG SXSDO VWDJHV ZDV UHFRUGHG /DUYDO
DQG SXSDO VXUYLYDO ZDV PHDVXUHG DV WKH
SHUFHQWDJHRIHPHUJLQJODUYDHRUSXSDOVWDJHV
$OO QHZO\ HFORVHG WHQHUDO DGXOWV WKDW HPHUJHG
GXULQJ D  GD\ SHULRG ZHUH SRROHG LQWR D VLQJOH
HPHUJHQFH FODVV 7KRVH WKDW HFORVHG GXULQJ D
± GD\ GHYHORSPHQWDO SHULRG ZHUH ODEHOHG DV
HPHUJHQFH FODVV , ± GD\ SHULRG DV
HPHUJHQFH FODVV ,, ± GD\ SHULRG DV FODVV ,,,
DQG ± GD\ SHULRG DV FODVV ,9 7ZR LQGLYLGXDOV
WKDW HFORVHG RQ WK DQG WK GD\ ZHUH DGGHG WR
WKH HPHUJHQFH FODVV ,9 WR OLPLW WKH QXPEHU RI
HPHUJHQFHFODVVHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH %HHWOHV IURP HDFK HPHUJHQFH FODVV ZHUH
WUDQVIHUUHG WR D ZLGH PRXWKHG FLUFXODU FOD\ YHVVHO
[ FP DUUDQJHG ZLWK D OD\HU RI WRS VRLO DQG
UXEEHU OLWWHU DV GHWDLOHG DERYH DQG FORVHG ZLWK
ILQH PHVKHG SODVWLF QHW 5DLQIDOO LQVLGH WKH
H[SHULPHQWDO FKDPEHUV ZDV VLPXODWHG E\
VSUD\LQJ ZDWHU XQWLO WKH OHDYHV DQG XSSHU OD\HU RI
VRLO LQVLGH WKH FOD\ YHVVHOV ZHUH DV ZHW DV LQ
SODQWDWLRQV DERXW  KXPLGLW\ +XPLGLW\
LQVLGH WKH YHVVHOV ZDV DVVHVVHG ZLWK D
WKHUPRK\JURPHWHU %DULJR ZZZEDULJRGH
6SUD\LQJ ZDV SHUIRUPHG V\QFKURQRXVO\ ZLWK WKH
RQVHW RI VXPPHU VKRZHUV DQG WKH PDVV PLJUDWLRQ
RI EHHWOHV WR WKH GRUPLWRU\ EXLOGLQJV RQ $SULO WK
LQ  $ UHFWDQJXODU ZRRGHQ ER[  [  [  FP
ZDV SODFHG LQVLGH WKH FOD\ YHVVHO DV SRWHQWLDO
VKHOWHU ,W ZDV KDOI ILOOHG ZLWK KD\ DQG KDG D
KLQJHG GRRU WKDW ZDV NHSW KDOI RSHQ 6SUD\LQJ
FRQWLQXHG XQWLO EHHWOHV PRYHG LQWR WKH GU\
ZRRGHQ VKHOWHU 7R SUHYHQW FOXVWHULQJ RI EHHWOHV
RQ PHVK QHWV ZHW FRWWRQ FORWK ZDV VSUHDG RYHU
WKH PHVK QHW &OD\ YHVVHOV DQG WKH OLWWHU LQVLGH
ZHUH NHSW PRLVW IRU D ZHHN WR HQVXUH WKDW
DJJUHJDWHG EHHWOHV GLG QRW UHWXUQ WR GU\ OLWWHU LQ
WKH FOD\ YHVVHOV 6XEVHTXHQWO\ OHDI OLWWHU ZDV
UHPRYHG IURP WKH YHVVHOV DV SODQWDWLRQV DUH
GHYRLG RI OHDI OLWWHU XQWLO IROORZLQJ VHDVRQ
$FWLYLWLHV RI DJJUHJDWHG GRUPDQW EHHWOHV LQ HDFK
VHWXS ZHUH REVHUYHG 0RUWDOLW\ ZDV UHFRUGHG E\
FRXQWLQJ WKH QXPEHU RI GHDG EHHWOHV DW ELPRQWKO\
LQWHUYDOV &DJHV ZHUH UHILOOHG ZLWK WKLQ OD\HU RI
IUHVK OLWWHU LQ V\QFKURQ\ ZLWK WKH RQVHW RI OLWWHU
IDOO LQ 'HFHPEHU $IWHU GRUPDQF\ EHHWOHV ZHUH
UHWXUQHG WR WKH OLWWHU DQG ZHUH LQGLYLGXDOO\
PDUNHG ZLWK GRWV RI PDUNHU SDLQW RQ HO\WUD DQG
SURQRWXP -RKQVRQ  XVLQJ D FRGLQJ V\VWHP
HQDEOLQJ LGHQWLILFDWLRQ RI XS WR  LQGLYLGXDOV
7KLV HQDEOHG HVWLPDWLRQ RI WKH SRVW GRUPDQF\
GXUDWLRQ RI HDFK LQGLYLGXDO )RU HDFK EHHWOH WKH
GDWH RI HPHUJHQFH IURP GRUPDQF\ DQG UHWXUQ WR
IUHVK OLWWHU ZDV QRWHG 'HDG EHHWOHV ZHUH UHPRYHG
GDLO\ DQG SRVW GRUPDQF\ GXUDWLRQ ZDV UHFRUGHG
$OO QHZO\ HPHUJHG ODUYDH QHZ JHQHUDWLRQ LQVLGH
WKH VHWXSV ZHUH UHPRYHG $IWHU WKH GRUPDQF\
SHULRG WKH EHHWOHV ZHUH REVHUYHG XQWLO 
PRUWDOLW\ ZDV UHDFKHG (JJ KDWFKDELOLW\ GXUDWLRQ
DQG PRUWDOLW\ RI ODUYDO SXSDO DQG DGXOW VWDJHV
ZHUH UHFRUGHG /RQJHYLW\ ZDV HVWLPDWHG DV WKH
VXP RI WKH PHDQV RI ODUYDO SXSDO DQG DGXOW
GXUDWLRQV
E/LIHKLVWRU\VWXGLHVLQQDWXUDOVHWXSV
7ZHQW\ HJJV RI XQLIRUP DJH ZHUH FROOHFWHG DV
GHVFULEHG DERYH (JJV ZHUH WUDQVIHUUHG WR D 3HWUL
GLVK LQ D FOD\ YHVVHO  [  FP ZLWK ILQH GUDLQDJH
KROHV DQG KDOIILOOHG ZLWK VRLO DQG OLWWHU 7KH YHVVHO
ZDV EXULHG LQ WKH SODQWDWLRQ IORRU ZLWK WKH ULP
DERXW  FP DERYH WKH VRLO VXUIDFH WR OLPLW WKH HQWU\
RI UXQQLQJ UDLQZDWHU DQG FRYHUHG ZLWK PXVOLQ
FORWK VXSSRUWHG E\ LURQ ZLUHV WR FRQWDLQ ILUVW DQG
VHFRQG ODUYDO LQVWDUV )UHVK OLWWHU ZDV VSUHDG RYHU
WKH PXVOLQ FORWK :H DVVXPHG WKDW WKLV GHVLJQ
HQDEOHG WKH PDLQWHQDQFH RI VLPLODU LQVXODWLQJ
FRQGLWLRQV IRU WKH HJJV DQG ODUYDH SODFHG LQVLGH
WKH YHVVHOV )LYH UHSOLFDWHV ZHUH WKXV PDLQWDLQHG
LQ WKH VKHOWHU FRYHUHG ZLWK FRFRQXW IURQGV
GHVFULEHGDERYH
7KH H[WHULRU RI WKH WUD\V DQG WKH OLWWHU LQVLGH ZDV
VSUD\HG ZLWK ZDWHU HDFK PRUQLQJ ± $0
:HWWLQJ WKH OLWWHU LQVLGH ZDV QHFHVVDU\ DV WKH
FORWK FRYHULQJ SUHYHQWHG HQWU\ RI GHZ 7KH
QXPEHU RI HJJV KDWFKHG ZDV FKHFNHG DW KU
LQWHUYDOV 8QKDWFKHG HJJV ZHUH UHSODFHG ZLWK ILUVW
LQVWDU ODUYDH IURP WKH VWRFN FXOWXUH :KHQ WK DQG
WK LQVWDU ODUYDH DSSHDUHG WKH FORWK WRSSLQJ ZDV
UHSODFHG ZLWK D PHVK QHW (PHUJHQFH RI SXSDH
ZDV FKHFNHG DW KU LQWHUYDOV DQG QHZO\ HFORVHG
SXSDH ZHUH WUDQVIHUUHG WR OLWWHU LQ D 3HWUL GLVK
SODFHG LQ WKH FOD\ YHVVHO $GXOW HPHUJHQFH ZDV
FKHFNHG DW KU LQWHUYDOV 'XUDWLRQ RI SXSDWLRQ
DQG VXUYLYDO UDWHV ZHUH GHWHUPLQHG 'HDG SXSDH
ZHUH UHSODFHG ZLWK ILHOGFROOHFWHG QHZ DGXOWV $OO
QHZO\HFORVHG DGXOWV HPHUJLQJ ZLWKLQ D  GD\
SHULRG ZHUH SRROHG LQWR D VLQJOH HPHUJHQFH FODVV
DV GHWDLOHG DERYH )LYH HPHUJHQFH FODVVHV ZHUH
PDLQWDLQHG DGXOWV HPHUJHG GXULQJ WK±WK GD\
DIWHU KDWFKLQJ ZDV WDNHQ DV HPHUJHQFH FODVV ,
WK±QG GD\ SHULRG DV HPHUJHQFH FODVV ,,
UG±WK GD\ SHULRG DV HPHUJHQFH FODVV ,,,
WK±WK GD\ SHULRG DV HPHUJHQFH FODVV ,9 DQG
WK±WK GD\DVHPHUJHQFHFODVV9
$ VPDOO FOD\ VKHOWHU SRW  [  FP ZDV ODLG RQ LWV
VLGH WR SUHYHQW ZDWHU HQWU\ DQG D WKLQ OD\HU RI KD\
ZDV SURYLGHG DV VKHOWHU LQ HDFK VHWXS )ROORZLQJ
WKH HQWU\ RI L. tristis LQWR WKH VKHOWHU SRWV WKH
PRXWKV RI WKH SRWV ZHUH FORVHG ZLWK PHVK QHW DQG
NHSW FORVHU WR QDWXUDO DJJUHJDWLRQV RI EHHWOHV LQ
GRUPLWRU\ EXLOGLQJV :KHQ EHHWOHV LQVLGH WKH
VKHOWHU SRWV GLVSOD\HG VLJQV RI DURXVDO IURP
GRUPDQF\ E\ QRFWXUQDO PRYHPHQWV DQG DWWUDFWLRQ
WR OLJKW WKH PHVK QHW ZDV UHPRYHG 7KH VKHOWHU
SRWV ZHUH UHWXUQHG WR FOD\ YHVVHOV LQ WKH ILHOG DQG
KDOI ILOOHG ZLWK IUHVK OLWWHU WR VLPXODWH PRYHPHQW
RXW RI WKH EXLOGLQJV %HHWOHV WKDW UHWXUQHG WR OLWWHU
LQ FOD\ YHVVHOV ZHUH PDUNHG ZLWK SDLQW DV GHWDLOHG
DERYH $FWLYLWLHV RI WKH EHHWOHV DIWHU GRUPDQF\
ZHUH REVHUYHG $OO QHZO\ HPHUJHG ODUYDH WKDW
GHYHORSHG LQVLGH WKH VHWXSV ZHUH UHPRYHG
$FWLYLWLHV RI WKH ROG JHQHUDWLRQ ZHUH REVHUYHG
XQWLO  PRUWDOLW\ ZDV UHDFKHG (JJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH(DUO\GHYHORSPHQWDOVWDJHVRI Luprops DHJJPDVVEVW LQVWDUODUYDFQG LQVWDUGUG LQVWDUH
WK LQVWDUIWK LQVWDUJSXSDDQGKWHQHUDODGXOW
KDWFKDELOLW\ GXUDWLRQ DQG PRUWDOLW\ RI ODUYDO
SXSDO DQG DGXOW VWDJHV ZHUH UHFRUGHG /RQJHYLW\
ZDV HVWLPDWHG DV WKH VXP RI PHDQV RI ODUYDO
SXSDODQGDGXOWGXUDWLRQV
%RWK ODERUDWRU\ DQG ILHOG FXOWXUH RI HJJV ZHUH
VWDUWHG RQ WKH VDPH GD\ WR HQVXUH XQLIRUPLW\ LQ
ERWK VHWXSV 1HRQDWH ODUYDH LQWHUPHGLDWH ODUYDO
VWDJHV DQG SXSDH WKDW GLHG LQ WKH FRXUVH RI WKH
H[SHULPHQW ZHUH UHSODFHG ZLWK LQGLYLGXDOV IURP
WKH SDUDOOHO VWRFN FXOWXUH 'XULQJ WKH HQWLUH
H[SHULPHQWDO SHULRG IDOOHQ JUHHQ OHDYHV FROOHFWHG
IURP WKH SODQWDWLRQ ZHUH PDGH DYDLODEOH IRU WKH
YDULRXV VWDJHV ([KDXVWHG OHDI ELWV DQG IDHFDO
SHOOHWV ZHUH UHPRYHG E\ XSWXUQLQJ WKH YLDOV
WRSSHG ZLWK PHVK QHW WR SUHYHQW IXQJDO
FRQWDPLQDWLRQ 7ZR GU\ IROGHG OHDYHV ZHUH
SURYLGHG LQ HDFK YLDO DV D UHVWLQJ DQG KLGLQJ
VXEVWUDWH $ FLUFOH RI ILOWHU SDSHU PRLVWHQHG ZLWK
GURSV RI GLVWLOOHG ZDWHU ZDV SODFHG LQ WKH SHWUL
GLVKHV DQG YLDOV XVHG IRU FXOWXULQJ ODUYDH DQG
SXSDH
%HKDYLRXU GXULQJ DJJUHJDWLRQ DQG
GRUPDQF\
$FWLYLWLHV RI WKH DJJUHJDWHG EHHWOHV ZLWKLQ WKH
GRUPLWRU\ EXLOGLQJV ZHUH REVHUYHG DW KU
LQWHUYDOV XQWLO WKHLU HQWU\ LQWR GRUPDQF\ DQG
VXEVHTXHQW DURXVDO $WWUDFWLRQ WRZDUGV ZDWHU
IRRG PDWHULDOV DQG OLJKW DQG TXDOLWDWLYH
DVVHVVPHQW RI UHVHUYH IRRG PDWHULDOV ZHUH WHVWHG
7ZR KXQGUHG EHHWOHV ZHUH FROOHFWHG IURP WKH
IUHVK DJJUHJDWLRQV VHWWOHG LQ GRUPLWRU\ EXLOGLQJV
DQG VKLIWHG WR D FOD\ YHVVHO  [  FP KDOIILOOHG
ZLWK KD\ DQG FORVHG ZLWK PHVK QHW $FWLYLWLHV
GXULQJ DFWLYH GRUPDQF\ ZHUH REVHUYHG RQ D
ZHHNO\ EDVLV 5HVSRQVH RI EHHWOHV WRZDUGV ZLOWHG
OHDYHV DQG PRLVW ZHW ILOWHU SDSHU SODFHG RQ WKH
PHVK QHW DQG UHVSRQVH WRZDUGV OLJKW ZDV
REVHUYHG E\ SODFLQJ D IOXRUHVFHQW OLJKW FORVH WR WKH
VHWXSV IURP GXVN WR GDZQ 7HQ UDQGRPO\ VHOHFWHG
GRUPDQW EHHWOHV ZHUH GLVVHFWHG DQG WKH IRRG
UHVHUYHV DYDLODEOH ZDV TXDOLWDWLYHO\ DVVHVVHG E\
H[DPLQLQJ WKH IDW ERG\ $OO WHVWV ZHUH UHSHDWHG
ELZHHNO\XQWLODIWHUDURXVDOIURPGRUPDQF\
$QDO\VLV RI WKH IOLJKW DELOLW\ RI GRUPDQW EHHWOHV E\
WKURZLQJ LQGLYLGXDOV LQWR WKH DLU :ROGD DQG
'HQOLQJHU  IDLOHG WR HYRNH DQ\ UHVSRQVH $V
DQ DOWHUQDWH PHWKRG  UDQGRPO\ FROOHFWHG
EHHWOHV IURP WKH DJJUHJDWLRQV ZHUH SODFHG RQ DQ
HDUWKHQ WLOH KDOI FRYHUHG ZLWK ZDWHU LQ D SODVWLF
WUD\ %HHWOHV ZHUH SURYLGHG ZLWK D FKRLFH RI
UHPDLQLQJ RQ WKH ZHW WLOH RU WR IO\ RII 7HVWV ZHUH
UHSHDWHG DW PRQWKO\ LQWHUYDOV XQWLO DIWHU DURXVDO
IURPGRUPDQF\
'DWDDQDO\VLV
'LIIHUHQFHV LQ HJJ SHULRG ODUYDO SXSDO
SUHGRUPDQF\ GRUPDQF\ DQG SRVWGRUPDQF\
GXUDWLRQ DQG PRUWDOLW\ GXULQJ GRUPDQF\ EHWZHHQ
VHWXSV ZHUH DQDO\VHG E\ WWHVW (PHUJHQFH FODVV
ZLVH YDULDWLRQV LQ PRUWDOLW\ ZLWKLQ DQG EHWZHHQ
WKH VHWXSV YDULDWLRQV LQ HJJ KDWFKDELOLW\ ODUYDO
DQG SXSDO PRUWDOLW\ YDULDWLRQV LQ PRUWDOLW\
GXULQJ GRUPDQF\ DQG SRVW GRUPDQF\ EHWZHHQ WKH
VHWXSV ZHUH WHVWHG XVLQJ WKH Ƶ WHVW =DU 
*UHWO RSHQ VRXUFH VRIWZDUH IRU :LQGRZV ZDV XVHG
LQVWDWLVWLFDODQDO\VLV
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5HVXOWVDQG'LVFXVVLRQ
$/LIHKLVWRU\
7KH OLIH F\FOH RI L. tristis LV XQLYROWLQH DQG
LQYROYHV ODUYDO ILYH LQVWDUV SXSDO DQG DGXOW
VWDJHVIROORZLQJRYLSRVLWLRQ)LJXUHV 
2YLSRVLWLRQDQGHJJVWDJHV
$IWHU D SUHRYLSRVLWLRQ SHULRG RI    GD\V Q  
 HJJV ZHUH ODLG VLQJO\ DQG LQ EDWFKHV RI ±
RQ WKH IORRU RI FXOWXUH YLDOV WKH ORZHU VXUIDFH RI
7DEOH'XUDWLRQRIGHYHORSPHQWDOVWDJHVHJJKDWFKDELOLW\ODUYDODQGSXSDOPRUWDOLW\RI L.tristisLQODERUDWRU\
DQGILHOGVHWXSV
6O1R 6WDJH /DERUDWRU\PHDQ6' )LHOGPHDQ6' W GI 6LJQLILFDQFHOHYHO
 (JJLQFXEDWLRQSHULRG     QV
 /DUYDOSHULRG     
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH(JJKDWFKLQJDHFORVLRQRIODUYDESXSDFDQGWHQHUDODGXOWG
GU\ OHDYHV DQG RQ WKH PHVK QHW WRSSLQJ RI YLDOV LQ
ODERUDWRU\ VHWXSV ,Q WKH ILHOG HJJV ZHUH SUHVHQW
LQ PLGGOH OLWWHU OD\HUV RI WKH SODQWDWLRQ OLWWHU
SRVVLEO\ WR SURWHFW HJJV IURP GHVLFFDWLRQ EHFDXVH
RI WKHLU KLJK VXUIDFH WR YROXPH UDWLR DQG LQDELOLW\
WR UHSODFH ORVW ZDWHU GXULQJ WKH GU\ VHDVRQ
'HQOLQJHU  (JJV ZHUH ODLG GDLO\ RU DW
LQWHUYDOV RI ± GD\V 2YLSRVLWLRQ ZDV JHQHUDOO\ D
QRFWXUQDO HYHQW H[FHSW IRU D IHZ LQFLGHQFHV Q  
 GXULQJ WKH GD\WLPH LQ ODERUDWRU\ VHWXSV (JJV
DUH HORQJDWH RYDO FUHDP\ ZKLWH VWLFN\ DQG YHU\
GHOLFDWH PHDVXULQJ    PP Q    LQ
OHQJWK ZLWK D GLVWLQFW FRQFDYH DQWHULRU SROH DQG D
FRQYH[ SRVWHULRU SROH 7KH DYHUDJH IHFXQGLW\ RI
IHPDOH ZDV    HJJV Q   7KH ORZHVW
UHFRUGHG IHFXQGLW\ ZDV  DQG WKH KLJKHVW ZDV 
7KH DYHUDJH RYLSRVLWLRQ SHULRG ZDV   
GD\VQ 
7KH HJJ VWDJH ODVWHG    DQG   
GD\V Q    LQ WKH LQ ODERUDWRU\ DQG ILHOG
VHWXSV UHVSHFWLYHO\ )LJXUH  7DEOH  $Q
HVWLPDWHG  RI HJJV KDWFKHG LQ ILHOG VHWXSV DQG
 LQ ODERUDWRU\ VHWXSV ZLWK QR YDULDWLRQ LQ HJJ
KDWFKDELOLW\ Ƶ    GI    3   DQG
GXUDWLRQ RI LQFXEDWLRQ W    GI    3  
 EHWZHHQ VHWXSV 1R HJJ SUHGDWLRQ ZDV
REVHUYHG LQ WKH QDWXUDO VHWXSV ZKLFK ZH DWWULEXWH
WR WKH ORZ DEXQGDQFH RI SUHGDWRU\ OLWWHU
DUWKURSRGV LQ WKH OLWWHU IORRU RI SODQWDWLRQV LQ WKH
HDUO\SKDVHRIOLWWHUIDOO-REL
/DUYDOVWDJHV
L. tristis KDV ILYH ODUYDO LQVWDUV 7DEOH  ,Q
JHQHUDO ODUYDH DUH VZLIW PRYLQJ IODW HORQJDWH
RYDO PRGHUDWHO\ ULJLG DQG GDUN H[FHSW WKH ILUVW
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LQVWDU ZKLFK LV GHOLFDWH DQG KDV ERG\ FRORU
VLPLODU WR WKDW RI WKH HJJV $OO QHZO\ HFORVHG ODUYDO
LQVWDUV ZHUH FUHDP\ ZKLWH IRU D SHULRG RI ±
KRXUV 'XULQJ PROWLQJ RI VXFFHVVLYH LQVWDUV ZKLFK
ODVWHG IRU    PLQXWHV Q    WKH VNLQ VSOLWV
DORQJ D PHGLDQ OLQH WKH ODUYD HPHUJHV KHDG ILUVW
IROORZHG E\ WKRUD[ DQG OHJV DQG WKH DEGRPHQ
HPHUJHV ODVW )LJXUH  /DUYDH ZHUH IUHHG IURP
H[XYLDH ZLWKLQ ± PLQXWHV DQG QR LQVWDQFHV RI
ODUYDO LQDELOLW\ WR UHPRYH H[XYLDH ZHUH REVHUYHG
$IWHU D VKRUW SHULRG RI LQDFWLYLW\ ± PLQXWHV
DOO VWDJHV IHG SUHIHUDEO\ RQ ZLOWHG OHDYHV DQG
DJJUHJDWHG DURXQG ZDWHU GURSV LQ ERWK VHWXSV7KH
ODUYDO VWDJH ODVWHG ZDV    GD\V LQ WKH
ODERUDWRU\ DQG    Q    GD\V LQ
ILHOG VHWXSV 7KHUH ZDV VLJQLILFDQW YDULDWLRQ LQ
ODUYDO GXUDWLRQ LQ ODERUDWRU\ DQG ILHOG VHWXSV W  
 GI    3 ZKLFK PLJKW EH UHODWHG WR
WKH PRUH IDYRUDEOH FRQGLWLRQV LQ ILHOG VHWXSV 7KH
VW LQVWDU ODUYDO SHULRG ZDV RQH GD\ ZLWK QR
YDULDWLRQ LQGLFDWLQJ WKDW LWV GXUDWLRQ ZDV DOZD\V
OHVV WKDQ  KRXUV +LJK YDULDELOLW\ LQ WKH
GXUDWLRQ RI WK LQVWDU ODUYDH LQ ODERUDWRU\
FRQGLWLRQV ± GD\V LQ FRPSDULVRQ WR RWKHU
ODUYDO LQVWDUV ZDV SUHVHQW LQGLFDWLQJ WKDW WK
LQVWDU ODUYDH ZDV WKH PRVW VHQVLWLYH VWDJH WR UHDU
XQGHU ODERUDWRU\ FRQGLWLRQV :KHQ WRXFKHG RU
ZKHQ WKH UHVWLQJ OLWWHU SDUWLFOHV ZHUH GLVWXUEHG
DOO ODUYDO VWDJHV H[KLELWHG GHDWK IHLJQLQJ
EHKDYLRXU FDWDOHSV\ ODVWLQJ ± PLQXWHV /DUYDH
ZHUH VXUIDFH DFWLYH IURP GXVN WR GDZQ DQG
GLXUQDOO\ LQDFWLYH EHQHDWK WKH FRYHU RI ORZHU OLWWHU
OD\HUV
7KH JHQHUDO LJQRUDQFH E\ WKH SHRSOH LQ WKH UHJLRQ
DERXW WKH ODUYDO VWDJHV DQG WKHLU IHHGLQJ DFWLYLWLHV
ZH DWWULEXWH WR WKH FDWDOHSWLF EHKDYLRU RI WKH
EHHWOH WKH SDOH GDUN FRORU WKDW PDNHV WKHP
LQFRQVSLFXRXV LQ OLWWHU IORRU DQG WKHLU GLXUQDO
KDELW RI VWD\LQJ EHORZ GU\ OHDYHV 7KHLU QRFWXUQDO
VXUIDFH DFWLYLWLHV LQ WKH OLWWHU IORRU DUH LQ WRWDO
FRQWUDVW WR WKHLU SDVVLYH GLXUQDO SKDVH LQ WKH
ORZHU OLWWHU OD\HUV 7KRXJK WKH ILUVW LQVWDU ODUYDH
FRXOG EH HDVLO\ GLIIHUHQWLDWHG EDVHG RQ LWV FRORU
VL]H DQG VKRUW GXUDWLRQ GLIIHUHQWLDWLQJ QG WR WKH
WK ODUYDO LQVWDUV LQ WKH DEVHQFH RI YLVLEOH
PRUSKRORJLFDO IHDWXUHV LV LPSRVVLEOH )ROORZLQJ
WKH GHYHORSPHQW RI FXOWXUHG LQGLYLGXDOV XQWLO
SXSDWLRQ LV WKH RQO\ UHOLDEOH PHWKRG 7KH VXUYLYDO
UDWH RI ODUYDH VW LQVWDU WR SXSDWLRQ LQ YLDOV ZDV
 LQ WKH ODERUDWRU\ DQG  Q    XQGHU
ILHOG FRQGLWLRQV ZLWK QR VLJQLILFDQW YDULDWLRQ Ƶ  
GI 3 
3XSDOVWDJH
3XSDH DUH QDNHG DQG DUH QRW RI WKH H[DUDWH RU
REWHFW W\SH (YDQV  3ULRU WR SXSDWLRQ WK
LQVWDU ODUYDH DJJUHJDWHG LQ JURXSV RI ± LQ WKH
ILHOG VHWXS DQG LQ JURXSV RI ± XQGHU QDWXUDO
FRQGLWLRQV LQ D SUHSXSDO TXLHVFHQW SKDVH IRU ±
KUV 7KH GXUDWLRQ RI WKH SXSDO VWDJH ZDV  
 GD\V DQG    GD\V Q    LQ
ODERUDWRU\ DQG ILHOG VHWXSV UHVSHFWLYHO\ 7DEOH 
6XUYLYDO SUREDELOLW\ RI SXSD ZDV  Q    LQ
ODERUDWRU\ VHWXSV DQG  Q    LQ ILHOG
VHWXSV ZLWKRXW VLJQLILFDQW YDULDWLRQ LQ SXSDO
GXUDWLRQ W    GI    3    DQG
VXUYLYDO SUREDELOLWLHV Ƶ    GI    3   
LQ ERWK VHWXSV &OXVWHUV RI ± FUHDP\ ZKLWH
SXSDH )LJXUH  DUH SUHVHQW LQ PLGGOH OLWWHU
OD\HUV LQ ILHOG ZKLFK LV OLNHO\ WR SURYLGH
SURWHFWLRQ IURP GHVLFFDWLRQ ,Q ODERUDWRU\ VHWXSV
WKH\ KLG EHKLQG OHDI SDUWLFOHV DQG SXSDWHG VLQJO\
3XSDO GXUDWLRQ GLG QRW YDU\ EHWZHHQ WKH LVRODWHG
ODERUDWRU\ FRQGLWLRQV DQG WKH FURZGHG ILHOG
FRQGLWLRQV 7KHVH REVHUYDWLRQV DUH FRQWUDU\ WR WKH
UHSRUWHG LQKLELWLRQ RI SXSDWLRQ LQ FURZGHG
FRQGLWLRQV LQ RWKHU WHQHEULRQLGV 7VFKLQNHO DQG
:LOVRQ
$GXOWVWDJH
7KH DGXOW VWDJH RI L. tristis LQYROYHG  GLVWLQFW
SKDVHV D SUHGRUPDQF\ DQG SRVWGRUPDQF\
SHULRG ERWK LQ OLWWHU KDELWDW DQG DQ LQWHUPHGLDWH
GRUPDQF\ SHULRG LQ VKHOWHUV $GXOWV WRRN UHIXJH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH&OXVWHURI9WK LQVWDUODUYDHLQDTXLHVFHQWVWDWHSULRUWRSXSDWLRQDQGQHZO\HPHUJHGSXSDHLQWKHOLWWHU
IORRURIUXEEHUSODQWDWLRQ
EHORZ OLWWHU GLXUQDOO\ DQG ZHUH VXUIDFH DFWLYH
QRFWXUQDOO\
3UHGRUPDQF\SKDVH
1HZO\ HFORVHG \HOORZLVK EURZQ WHQHUDO DGXOWV
ZHUH LQDFWLYH DQG GLG QRW IHHG XQWLO WKH\ DWWDLQHG
D GDUN FRORXU ± KRXUV RI DIWHU HFORVLRQ
6XEVHTXHQWO\ WKH\ IHG SUHIHUHQWLDOO\ RQ ZLOWHG
WHQGHU OHDYHV ,Q WKH DEVHQFH RI YLVLEOH VH[XDO
GLPRUSKLF FKDUDFWHUV DQG RYHUODSSLQJ PDOH DQG
IHPDOH VL]H UDQJHV ± PP DQG ± PP
LQ PDOH DQG IHPDOH UHVSHFWLYHO\ Q  PDNHV WKH
GLPRUSKLVP SUHVHQW RQ WKH WK VWHUQDO QRWFK
9LQRG HW DO LQ SUHVV WKH VROH PHFKDQLVP WR
GLIIHUHQWLDWH VH[HV 7KH SUHGRUPDQF\ SHULRG
ODVWHG IRU    GD\V LQ ODERUDWRU\ VHWXSV
Q    DQG   Q    GD\V LQ ILHOG
VHWXSV ZLWK VLJQLILFDQW YDULDWLRQ W   ï GI  
 3 7DEOH  0RUWDOLW\ GXULQJ WKH SKDVH
ZDV ORZ LQ ERWK VHWXSV QR PRUWDOLW\ LQ ILHOG
VHWXSV DQG  PRUWDOLW\ LQ ODERUDWRU\ VHWXSV
%DVHG RQ GXUDWLRQ RI WKH SUHGRUPDQF\ SKDVH
DGXOWV LQ ILHOG VHWXSV ZHUH FDWHJRUL]HG XQGHU 
HPHUJHQFH FODVVHV DQG XQGHU  HPHUJHQFH FODVVHV
LQ ODERUDWRU\ VHWXSV 7DEOH   RI WKH DGXOWV
LQ WKH ODERUDWRU\ DQG  RI DGXOWV LQ ILHOG VHWXSV
EHORQJHG WR HPHUJHQFH FODVV ,, DQG ,,,
,QWUDSRSXODWLRQ YDULDWLRQ LQ SUHGLDSDXVH SHULRG
DULVHV IURP WKH YDULDWLRQ LQ ODUYDO GXUDWLRQ DQG
OHDGV WR GLIIHUHQFHV LQ WKH DFWLYH IHHGLQJ WLPH
DYDLODEOH SULRU WR GRUPDQF\ (PHUJHQFH FODVV , LQ
ODERUDWRU\ VHWXSV KDG DQ DYHUDJH RI  GD\V PRUH
IHHGLQJ WLPH LQ FRPSDULVRQ WR FODVV ,9 DQG FODVV ,
LQ WKH ILHOG VHWXS KDG DQ DYHUDJH RI  GD\V PRUH
IHHGLQJ WLPH WKDQ FODVV 9 7DEOH  $EGRPLQDO
FDYLWLHV RI L. tristis LQ HPHUJHQFH FODVV , DQG ,,
ZHUH PRUH IXOO\ ORDGHG ZLWK IDW ERG\ UHVHUYHV
GXULQJ WKH ODVW SKDVH RI GRUPDQF\ WKDQ LQ FODVV ,9
DQG9
'RUPDQF\SKDVH
L. tristis LQ ILHOG VHWXSV HQWHUHG WKH VKHOWHUV VPDOO
ZRRGHQ ER[HV DQG SRWV LQ UHVSRQVH WR WKH ILUVW
VKRUW GXUDWLRQ VXPPHU UDLQ LWVHOI $SULO  
DQG WKRVH LQ ODERUDWRU\ VHWXSV LQ UHVSRQVH WR
VLPXODWHG ZHW FRQGLWLRQV :LWKLQ WKH VKHOWHUV WKH
EHHWOHV ZHUH QRFWXUQDOO\ VXUIDFH DFWLYH IRU ±
GD\V LQ ILHOG DQG ODERUDWRU\ SODFHG VHWXSV ZLWK D
VWURQJ DWWUDFWLRQ WRZDUGV OLJKW DQG IUHVK OHDI
PDWHULDOV DV REVHUYHG E\ WKHLU DJJUHJDWLRQ RQ
QHWV DQG DWWHPSWV WR FUDZO RXW WKURXJK WKH PHVK
VLHYHV LQ ODERUDWRU\ VHWXSV 6XEVHTXHQWO\ WKH\
FOXVWHUHG DQG HQWHUHG LQWR D SURORQJHG LQDFWLYH
VWDWH IRU  PRQWKV 7DEOH  7KH ILUVW LQGLFDWLRQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WKDW GRUPDQF\ LV FRPLQJ WR DQ HQG LV QRFWXUQDO
GLVSHUVDO ZLWKLQ WKH VKHOWHUV ZKLFK LV LQLWLDWHG E\
D IHZ LQGLYLGXDOV DQG LV IROORZHG E\ WKH UHVW
ZLWKLQ ± GD\V 1RFWXUQDO GLVSHUVDO ODVWHG IRU
± GD\V 'HFHPEHU WK  -DQXDU\ WK
 'LXUQDOO\ WKH\ UHPDLQHG LQDFWLYH LQ WKH
FRUQHUV RI WKH VKHOWHU LQ VPDOO JURXSV 1R EHHWOHV
IURP WKH VKHOWHUV UHWXUQHG WR WKH OLWWHU DW WKLV
VWDJH
7KLV SURORQJHG SHULRG RI LQDFWLYLW\ DQG
DJJUHJDWLRQ LV FDWHJRUL]HG DV WKH DFWLYH VWDWH RI
GRUPDQF\ 7KH SHULRGV RI VKRUW GXUDWLRQ
QRFWXUQDO GLVSHUVDO DQG GLXUQDO SDVVLYLW\ SULRU WR
DQG DIWHU GRUPDQF\ LV FKDUDFWHUL]HG DV WKH
UHIUDFWRU\ DQG WHUPLQDWLRQ SHULRGV UHVSHFWLYHO\
0DQVLQJK  'DQNV  'XULQJ WKH
UHIUDFWRU\ SHULRG EHHWOHV ZHUH DWWUDFWHG WR IRRG
PDWHULDOV ZKLOH WKH\ ZHUH QRW GXULQJ WKH DFWLYH
GRUPDQF\ SKDVH 'RUPDQF\ ODVWHG IRU  
 GD\V LQ ODERUDWRU\ VHWXSV DQG   
GD\V LQ ILHOG VHWXSV ZLWK VLJQLILFDQW YDULDWLRQ
EHWZHHQ WKH VHWXSV W    GI    3   
7KH UHIUDFWRU\ SHULRG ODVWHG IRU  WR  GD\V LQ WKH
ODERUDWRU\ DQG  WR  GD\V LQ WKH ILHOG DQG WKH
WHUPLQDWLRQ SKDVH ODVWHG IRU  WR  GD\V LQ WKH
ODERUDWRU\ DQG  WR  GD\V LQ WKH ILHOG 0RUWDOLW\
GXULQJ GRUPDQF\ ZDV  LQ WKH ILHOG DQG 
LQ ODERUDWRU\ VHWXSV ZLWK QR VLJQLILFDQW YDULDWLRQ
Ƶ    GI    3    (PHUJHQFH FODVV
YDULDWLRQ LQ PRUWDOLW\ ZDV VLJQLILFDQW Ƶ   
DQG  3  LQ WKH ODERUDWRU\ DQG ILHOG
UHVSHFWLYHO\ ZLWK ORZ PRUWDOLW\ LQ ORQJ GXUDWLRQ
HPHUJHQFH FODVV FODVVHV ,±,,,  DQG 
UHVSHFWLYHO\ LQ ODERUDWRU\ DQG ILHOG VHWXSV DQG
KLJKHU PRUWDOLW\ LQ VKRUW GXUDWLRQ HPHUJHQFH
FODVVHV FODVV ,9 LQ ERWK VHWXSV DQG 9 LQ ILHOG
VHWXSV  DQG  UHVSHFWLYHO\ LQ
ODERUDWRU\ DQG ILHOG VHWXSV LQ ERWK WKH
H[SHULPHQW VHWXSV 7DEOH  7KRVH WKDW DWWDLQHG
DGXOWKRRG HDUO\ KDG D ORQJHU IHHGLQJ GXUDWLRQ
DQG KHQFH PD\ KDYH KDG D KLJKHU ILWQHVV WKDQ
DGXOWV WKDW HPHUJHG ODWHU *HQHUDOO\ PRUWDOLW\
GXULQJ GRUPDQF\ LV YHU\ ORZ LQ QDWXUDO
SRSXODWLRQV :ROGD DQG 'HQOLQJHU  'DQNV
 +LJK PRUWDOLW\ LQ WKH VKRUW HPHUJHQFH
FODVVHV LQ H[SHULPHQWDO VHWXSV DQG WKH KLJK
QXPEHU RI GHDG EHHWOHV RQ WKH IORRU RI ZRRGHQ
FHLOLQJV LQ UHVLGHQWLDO EXLOGLQJV LQGLFDWHV KLJK
PRUWDOLW\ GXULQJ GRUPDQF\ LQ L. tristis$ WQ R
VWDJH GXULQJ WKH DQDO\VLV GLG ZH REVHUYH DQ\
LQVHFWLYRUHV VXFK DV ZDOO OL]DUGV Hemidactylus
VS VSLGHUV RU DQWV HVSHFLDOO\ WKH DJJUHVVLYH
Oecophylla smaragdina )DEULFLXV IHHGLQJ
HLWKHU RQ DGXOWV QRU ODUYDH +HQFH ZH DWWULEXWH
WKH KLJK PRUWDOLW\ LQ QDWXUDO VHWXSV WR WKH
SUHVHQFH RI KLJKHU QXPEHU RI EHHWOHV LQ VKRUWHU
HPHUJHQFH FODVV VKRUWHU SUHGRUPDQF\ SHULRG
ZLWKORZIHHGLQJGXUDWLRQDQGQRWWRSUHGDWLRQ
7KH ORQJ GXUDWLRQ GRUPDQF\ VKRZQ E\ L. tristis
LQYROYLQJ DGXOWV RI YDULRXV HPHUJHQFH FODVVHV
GRHV QRW IDOO XQGHU HLWKHU TXLHVFHQFH RU GLDSDXVH
7KH WHUP TXLHVFHQFH LV XVHG LQ VLWXDWLRQV ZLWK D
VKRUWHU SHULRG DQG QR LQGXFWLRQ SKDVH DQG ZLWK
DFWLYH IHHGLQJ WKURXJKRXW WKH VWDJH 0DQVLQJK
 'DQNV  L. tristis GRHV QRW GLDSDXVH
HLWKHU DV GLDSDXVH LV SUHFHGHG E\ D ORQJ
SUHSDUDWRU\ SKDVH GXULQJ ZKLFK HQHUJ\ UHVHUYHV
DUH DFFXPXODWHG DW D VSHFLILF VWDJH LQ OLIH F\FOH
(QWU\ RI EHHWOHV ZLWK ERWK VKRUW DQG ORQJ
GXUDWLRQV RI SUHGRUPDQF\ LQWR DFWLYH GRUPDQF\
LUUHVSHFWLYH RI WKH DFWLYH IHHGLQJ WLPH DYDLODEOH
LQGLFDWHV WKDW SUHSDUDWLRQV IRU GLDSDXVH E\
DFFXPXODWLRQ RI HQHUJ\ UHVHUYHV SULRU WR DFWLYH
GRUPDQF\ LV QRW PDQGDWRU\ LQ L. tristis, Q
FODVVLFDO GRUPDQF\ WKH SUHSDUDWRU\ SKDVH LV
VXFFHHGHG E\ D W\SLFDOO\ ORQJ UHIUDFWLYH SKDVH DQG
WKH LQVHFWV FDQQRW WHUPLQDWH GLDSDXVH DQG
FRQWLQXH PRUSKRORJLFDO GHYHORSPHQW HYHQ LI
H[SRVHG WR RSWLPDO HQYLURQPHQWDO FRQGLWLRQV
GXULQJ WKLV VWDJH 0DQVLQJK  7DXEHU DQG
7DXEHU  'HQOLQJHU   'DQNV 
+RZHYHU LQ WKH SUHVHQW FDVH EHHWOHV ZHUH UHDGLO\
DWWUDFWHG WR IRRG UHVRXUFHV DQG ZDWHU GXULQJ WKH
VKRUW UHIUDFWRU\ SKDVH $GXOWV RI DOO HPHUJHQFH
FODVVHV LUUHVSHFWLYH RI WKH DFWLYH IHHGLQJ GXUDWLRQ
DYDLODEOH HQWHUHG LQWR GRUPDQF\ ZLWKRXW D
SUHSDUDWRU\ SKDVH QRU DQ LQGXFWLRQ SHULRG LQ
UHVSRQVH WR DQ XQH[SHFWHG HQYLURQPHQWDO WRNHQ
VWLPXOXV WKH VKRUW PLG VXPPHU UDLQIDOO WKDW
PHGLDWHG ZHWQHVV LQ WKH UXEEHU SODQWDWLRQ OLWWHU
IORRU 'XULQJ WKH VKRUW UHIUDFWRU\ SHULRG EHHWOHV
ZHUH UHDGLO\ DWWUDFWHG WR WHQGHU OHDYHV DQG GU\
OLWWHU FRQGLWLRQV 7KHVH REVHUYDWLRQV ZHLJKHG LQ
IDYRU RI RXU FDWHJRUL]DWLRQ RI GRUPDQF\ LQ L.
tristis DV ROLJRSDXVH DQG QRW DV GLDSDXVH ZKLFK LV
LQWHUPHGLDWH EHWZHHQ TXLHVFHQFH DQG GLDSDXVH
0DQVLQJK 'DQNV /HDWKHUHWDO
5HFRJQL]LQJ WKH HQYLURQPHQWDO VWLPXOL OHDGLQJ WR
DQG DURXVDO IURP GRUPDQF\ LV D GLIILFXOW WDVN IRU
PDQ\ WURSLFDO LQVHFWV 'HQOLQJHU  0RLVWXUH
SKRWRSHULRG WHPSHUDWXUH IRRG DYDLODELOLW\ DQG
IRRG TXDOLW\ 0DQVLQJK  7DXEHU DQG 7DXEHU
 0DVDNL  +XQWHU DQG 0F1HLO 
7DQDND  'DQNV  6DWR  1DKUXQJ
DQG $OOHQ  :DQJ HW DO  1DNDPXUD DQG
1XPDWD  DUH WKH UHFRJQL]HG GRUPDQF\
LQGXFWLRQ FXHV 6XGGHQ DQQXDO PDVV HQWU\ RI KXJH
VZDUPV RI L. tristis LQWR UHVLGHQWLDO EXLOGLQJV
IROORZLQJ WKH ILUVW VXPPHU UDLQV LV D ZLGHO\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
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UHFRJQL]HG DQG IDPLOLDU HYHQW LQ WKH UXEEHU
SODQWDWLRQV EHOWV RI WKH UHJLRQ 7KH DEVHQFH RI
EHHWOHV LQ WKH OLWWHU IORRU RI SODQWDWLRQV IROORZLQJ
WKH ILUVW VXPPHU UDLQV DQG WKH HQWU\ RI EHHWOHV
LQWR GU\ OLWWHU FRQGLWLRQV LQ WKH H[SHULPHQW VHWXSV
WRJHWKHU ZLWK WKH JHQHUDO DIILQLW\ RI WHQHEULRQLGV
WRZDUG GU\ FRQGLWLRQV :DWW 
(QGURG\<RXQJD DQG 7VFKLQNHO  LQGLFDWHV
WKDW ZHWQHVV LQ OLWWHU KDELWDW OHDGV WR WKH
GHSDUWXUH RI EHHWOHV DQG PLJUDWLRQ WRZDUGV
VKHOWHUV $GGLWLRQDOO\ QR EHHWOHV LQ VWRFN FXOWXUHV
PDLQWDLQHG LQ ODERUDWRU\ VHWXSV DQG DZD\ IURP
UDLQIDOOPHGLDWHG ZHWQHVV HQWHU LQWR GRUPDQF\
XQSXEOLVKHG GDWD HYHQ DIWHU WKH RQVHW RI
PRQVRRQ UDLQV ODWHU LQ WKH PRQWK RI -XQH 2XU
FXUUHQW GDWD VWURQJO\ VXJJHVW WKDW UDLQIDOO
PHGLDWHG ZHWQHVV IURP VXPPHU VKRZHUV LV WKH
ROLJRSDXVH LQGXFLQJ FXHV IRU L. tristis +RZHYHU
IXUWKHU HPSLULFDO VWXGLHV FRQVLGHULQJ WKH DERYH
VWDWHG HQYLURQPHQWDO IDFWRUV UHFRJQLVHG DV WKH
FXHVIRUGLDSDXVHLQLQVHFWVDUHQHFHVVDU\
6\QFKURQ\ RI GLDSDXVH DURXVDO DQG VXEVHTXHQW
ILHOG UHWXUQ RI EHHWOHV ZLWK WKH EHJLQQLQJ RI
DQQXDO OHDI IDOO LQ WKH UXEEHU SODQWDWLRQV LQ WKH
UHJLRQ SRLQWV WRZDUGV WKH IROORZLQJ SUREDELOLWLHV
'HFLGXRXV WUHHV VKHG OHDYHV ZHOO LQ DGYDQFH RI WKH
RQVHW RI WKH GU\ VHDVRQ DV D PHFKDQLVP WR SUHYHQW
ZDWHU ORVV 6DQWLDJR HW DO  6DQWLDJR DQG
0XONH\  6XQGDUDSDQGLDQ HW DO 
6XEVHTXHQW GU\ HQYLURQPHQWDO FRQGLWLRQV LQ WKH
UHJLRQ GXULQJ WKLV SKDVH DORQJ ZLWK VXEVWDQWLDO
OHDI IDOO SURYLGH D VXLWDEOH KDELWDW DQG IRRG VRXUFH
IRU WKH EHHWOHV :H VXJJHVW WKDW WKH UHWXUQ RI GU\
FRQGLWLRQV IROORZLQJ WKH SURORQJHG PRQVRRQ
VHDVRQ DQG WKH UHODWHG YDULDWLRQ LQ PRLVWXUH
SKRWRSHULRG DQG WHPSHUDWXUH LQ WKH UHJLRQ DUH
WKH HQYLURQPHQWDO FXHV OHDGLQJ WR WKH DURXVDO RI
L. tristis IURP ROLJRSDXVH 7KH VHDVRQDO
FRLQFLGHQFH RI D WKLFN OD\HU RI IUHVKO\ IDOOHQ OLWWHU
LQ UXEEHU SODQWDWLRQV ERWK DV D IRRG UHVRXUFH DQG
DV D KDELWDW IDFLOLWDWHV WKH UHWXUQ RI SRVWGRUPDQW
EHHWOHVWRWKHILHOG
3RVWGRUPDQF\SKDVH
)ROORZLQJ WKH WHUPLQDWLRQ SKDVH DGXOWV UHWXUQHG
WR WKH OLWWHU LQ ODERUDWRU\ VHWXSV LQ EDWFKHV GXULQJ
WKH ILUVW DQG VHFRQG ZHHNV RI -DQXDU\ 'HFHPEHU
WK ±-DQXDU\ WK ZKLFK ODVWHG IRU  WR  GD\V
7KH VL]H RI DJJUHJDWLRQV LQ UHVLGHQWLDO EXLOGLQJV
GHFUHDVHG IURP WKH ZHHN RI 'HFHPEHU WK
RQZDUGV DQG QR EHHWOHV ZHUH SUHVHQW LQ WKH
EXLOGLQJV DIWHU WKH UG ZHHN RI -DQXDU\ -DQXDU\
 %HHWOHV ZHUH OHVV FRPPRQ RQ WKH OLWWHU IORRU
GXULQJ WKH ILUVW ZHHN RI 'HFHPEHU DQG WKHLU
QXPEHU VWHDGLO\ LQFUHDVHG LQ WKH IROORZLQJ ZHHNV
DQG SHDNHG LQ WKH WK ZHHN RI -DQXDU\  
P Q    XQSXEOLVKHG GDWD
3RVWGRUPDQF\ EHHWOHV WKDW UHWXUQHG WR WKH OLWWHU
KDELWDW ZHUH DWWUDFWHG WR ZDWHU GURSV RQ OHDYHV
GHZ GURSV LQ SODQWDWLRQV DQG IHG RQ WKH RXWHU
HGJHV RI GU\ OHDYHV XQWLO WHQGHU OHDYHV ZHUH
DYDLODEOH WKDW HPHUJHG V\QFKURQRXV ZLWK WKH
SUHPDWXUH IDOO RI WHQGHU OHDYHV LQ SODQWDWLRQV
)ROORZLQJ DQ ± GD\ SHULRG RI LQWHQVLYH
IHHGLQJ LQ ODERUDWRU\ VHWXSV PDWLQJ SDLUV
DSSHDUHG ZLWK WKH PDOH FOLPELQJ RQ WKH EDFN RI
WKH IHPDOH DQG SUHVVLQJ WKH DEGRPHQ GRZQ RQ
WKH DEGRPHQ RI WKH IHPDOH WR HQJDJH KLV JHQLWDOLD
ZLWK KHUV 1HLWKHU PDWLQJ SDLUV QRU HJJ
SURGXFWLRQ E\ WKH QHZO\ HPHUJHG DGXOWV ZHUH
UHFRUGHG HLWKHU LQ WKH ODERUDWRU\ VHWXSV RU IURP
QDWXUDO FRQGLWLRQV SULRU WR RU GXULQJ GRUPDQF\
7RWDO DEVHQFH RI UHSURGXFWLYH DFWLYLWLHV GXULQJ
SUHGLDSDXVH DQG GLDSDXVH SHULRGV DQG WKH
LQLWLDWLRQ RI PDWLQJ DFWLYLWLHV DIWHU D EULHI SHULRG
RI LQWHQVH IHHGLQJ IROORZLQJ SRVW GLDSDXVH
DURXVDO VXJJHVW WKH IROORZLQJ SUREDELOLWLHV (LWKHU
WKH UHSURGXFWLYH RUJDQV LQ L. tristis GR QRW PDWXUH
XQWLO WKH ILHOG UHWXUQ RU WKH EHHWOHV DUH XQGHUJRLQJ
UHSURGXFWLYH GLDSDXVH 'DQNV  0DQVLQJK
 VLPLODU WR ZKDW LV UHSRUWHG GXULQJ WKH
GRUPDQF\ LQ S.rotundus :ROGD DQG 'HQOLQJHU

3RVWGRUPDQF\ GXUDWLRQ ZDV    GD\V Q
   LQ ODERUDWRU\ DQG    GD\V Q    LQ
ILHOG VHWXSV ZLWK VLJQLILFDQW YDULDWLRQ LQ WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH$JJUHJDWHGGRUPDQWEHHWOHVVHWWOHGRQWKHZDOODQGJDSVRIDUHVLGHQWLDOEXLOGLQJ
SRVWGRUPDQF\ SHULRG W   ï GI    3  
 7DEOH  1R PRUWDOLW\ ZDV UHFRUGHG LQ WKH
ILUVW WZR ZHHNV RI SRVWGRUPDQF\ SKDVH LQ HLWKHU
H[SHULPHQW VHWXS DQG XS WR WKH WKLUG ZHHN LQ
ILHOG VHWXSV 6XEVHTXHQWO\ VLJQLILFDQWO\ KLJK
PRUWDOLW\ ZDV UHFRUGHG GXULQJ WKH WK ZHHN LQ
ODERUDWRU\ VHWXSV Ƶ    GI    3    DQG
 PRUWDOLW\ LQ ERWK VHWXSV 7DEOH  7KH
DGXOW VWDJH GXUDWLRQ ZDV  GD\V ZLWK D
SUHGRUPDQF\ SHULRG RI    GD\V D
SRVWGRUPDQF\ SHULRG RI    GD\V DQG DQ
LQWHUPHGLDWH GRUPDQF\ SHULRG RI
GD\V LQ ODERUDWRU\ VHWXSV ,Q ILHOG
VHWXSV WKH DGXOW VWDJH GXUDWLRQ ZDV  GD\V
ZLWK D SUHGRUPDQF\ SHULRG RI    GD\V
D SRVWGRUPDQF\ SHULRG RI    GD\V DQG
DQ LQWHUPHGLDWH GRUPDQF\ SHULRG RI  
 GD\V /RQJHYLW\ RI L. tristis ZDV  GD\V
LQ ODERUDWRU\ VHWXSV DQG  GD\V LQ WKH ILHOG
VHWXSV
:H DWWULEXWH WKH FRPSDUDWLYHO\ KLJKHU PRUWDOLW\
DQG VKRUWHU SRVW GRUPDQF\ GXUDWLRQ LQ ODERUDWRU\
VHWXSV WR WKH PRUH IDYRXUDEOH FRQGLWLRQV DYDLODEOH
LQ QDWXUDO VHWXSV GXULQJ WKH GU\ VXPPHU
FRQGLWLRQV DQG WR WKH VKRUWHU ODUYDO SKDVH DQG WKH
DGGLWLRQDO  GD\V RI DFWLYH IHHGLQJ WLPH
DYDLODEOH WR WKH DGXOWV LQ ILHOG VHWXSV GXULQJ WKH
SUHGLDSDXVH SKDVH )XWXUH VWXGLHV LQYROYLQJ
ODERUDWRU\ FXOWXUH RI Luprops VKRXOG PDNH QRWH
RI WKH HIIHFW RI WKH GXUDWLRQ RI ODUYDO DQG
SUHGRUPDQF\ SKDVH RQ PRUWDOLW\ ORQJHYLW\ DQG
ILWQHVVLQVXEVHTXHQWSKDVHV
%)HDWXUHVRIDJJUHJDWLRQV
+XJH DJJUHJDWLRQV RI L. tristis ZHUH QRFWXUQDOO\
DFWLYH DQG ZHUH DWWUDFWHG WR OLJKW IRU XS WR  GD\V
DIWHU HQWHULQJ WKH EXLOGLQJV IURP SODQWDWLRQV
IROORZLQJ ILUVW VXPPHU UDLQV )LJXUH  7KH\ KLG
EHKLQG FUHYLFHV DQG ZDOO KDQJLQJV LQ OLYLQJ URRPV
GXULQJ WKH GD\ 6XEVHTXHQWO\ WKH\ PRYHG EHKLQG
WKH GDUN FRUQHUV LQ ZRRGHQ FHLOLQJV DQG DWWLFV DQG
HQWHUHG LQWR GRUPDQF\ $JJUHJDWLQJ EHHWOHV ZHUH
± OD\HUV GHHS DQG RFFDVLRQDOO\ KRQH\ FRPEOLNH
DJJUHJDWLRQV KXQJ SUHFDULRXVO\ IURP WKH ZRRGHQ
VXSSRUWV )LJXUH  2XU DWWHPSWV WR VHSDUDWH WKH
PHPEHUV SUHVHQW LQ RXWHU OD\HUV VKRZHG WKDW WKH
EHHWOHV FOXQJ YHU\ VWURQJO\ WR RQH DQRWKHU LQ WKH
DJJUHJDWLRQ 'RUPDQW EHHWOHV VKRZHG QR UHVSRQVH
WRZDUGV OLJKW QRU WRZDUGV OHDI PDWHULDOV ([FHSW
IRU D VKRUW GXUDWLRQ ± KRXUV PDVVLYH GLXUQDO
GLVSHUVDO ZLWKLQ WKH EXLOGLQJV RQ RQH UDLQ\
DIWHUQRRQ IROORZLQJ D  GD\ UDLQOHVV KRW DQG
KXPLG SHULRG 1RYHPEHU VW  GRUPDQW
EHHWOHV ZHUH REVHUYHG WR EH LPPRELOH 7KH EHHWOHV
GLG QRW ORVH WKHLU FDSDFLW\ IRU IOLJKW 7KHLU IOLJKW
PXVFOHV GLG QRW GHJHQHUDWH DV ZDV HYLGHQFHG E\
WKH PDVV IOLJKW RI EHHWOHV LQ UHVSRQVH WR
H[SHULPHQWDO ZHWWLQJ RI WKH WLOHV 7KLV LV FRQWUDU\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH$JJUHJDWHGGRUPDQWEHHWOHVVHWWOHGRQDZRRGHQIUDPHVRIWLOHURRIHGEXLOGLQJVEWKDWFKHGVKHGV
PDGHRIFRFRQXWIURQGVDQGFKD\VWDFNLQFDWWOHVKHG
WR UHSRUWV LQ S. rotundus :ROGD DQG 'HQOLQJHU
 +RZ DQG ZK\ WKH\ PDLQWDLQ IOLJKW DELOLW\
DQG IOLJKW PXVFOHV GXULQJ GRUPDQF\ ZKLFK LV
FRVWO\ DQG HQHUJ\ FRQVXPLQJ UHPDLQV
XQDQVZHUHG" :H VXJJHVW WKDW XQOLNH LQ GLDSDXVH
GHJHQHUDWLRQ RI IOLJKW PXVFOHV DQG ORVV RI IOLJKW
FDSDFLW\ PD\ QRW EH WDNLQJ SODFH GXULQJ
ROLJRSDXVH
$JJUHJDWLRQ GXULQJ GLDSDXVH LV FRPPRQ DPRQJ
LQVHFWV DV DQ HQHUJ\ DQG ZDWHU FRQVHUYLQJ
PHFKDQLVP :ROGD DQG 'HQOLQJHU 
'HQOLQJHU  'DQNV  /HDWKHU HW DO 
7KRXJK ZDWHU ZDV DYDLODEOH GXULQJ WKH GRUPDQF\
SHULRG EHHWOHV QHYHU OHIW WKH DJJUHJDWLRQV DQG
VKHOWHUV LQ VHDUFK RI GULQNLQJ ZDWHU 6R
DJJUHJDWLRQ LQ L. tristis LV PRUH OLNHO\ WR EH D
PHFKDQLVP WR LQVXODWH WKHP IURP WKH FROG ZHW
FRQGLWLRQV SUHYDLOLQJ LQ WKH UHJLRQ GXULQJ WKH
SURORQJHG PRQVRRQ UDLQV 'XULQJ WKH ODVW SKDVH
RI GRUPDQF\ WKH IDW UHVHUYHV ZHUH WRWDOO\ DEVHQW
LQ DEGRPHQ $V QR RWKHU IRRG UHVRXUFHV ZHUH
DYDLODEOH WR WKH EHHWOHV LQ WKH H[SHULPHQWDO
VHWXSV WKH\ UHO\ H[FOXVLYHO\ RQ WKH IDW UHVHUYHV LQ
WKHLUDEGRPHQGXULQJGRUPDQF\
&RQFOXVLRQV
:H SUHVHQW GHWDLOV RI WKH ELRORJ\ DQG GRUPDQF\ RI
L. tristis DV DQ H[DPSOH RI D VSHFLHV LQWHJUDWLQJ
GRUPDQF\ DQG DJJUHJDWLRQV LQ D WURSLFDO UHJLRQ
2OLJRSDXVH LQ UHVSRQVH WR HDUO\ VXPPHU VKRZHUV
SURYLGHV WKH IROORZLQJ DGYDQWDJHV WR L. tristis 
ZKLFK DUH UHFRJQL]HG DV WKH JHQHUDO DGYDQWDJHV RI
GRUPDQF\ 'DQNV   ,W OHDGV WR
SURWHFWLRQ IURP DGYHUVH KDELWDW FRQGLWLRQV
V\QFKURQL]HG HPHUJHQFH RI SK\VLFDOO\ ILW DGXOW
UHSURGXFWLYH SRSXODWLRQ LQ D VXEVHTXHQW VHDVRQ
RSWLPL]DWLRQ RI WKH WLPH RI UHSURGXFWLRQ
V\QFKURQL]DWLRQ RI WKH IHHGLQJ VWDJHV ODUYDO DQG
DGXOWV ZLWK IRRG UHVRXUFHV OLWWHU LQ WKH IDOO LQ
UXEEHU SODQWDWLRQV SUHYHQWLRQ RI WKH DUULYDO RI
YXOQHUDEOH HDUO\ GHYHORSPHQWDO VWDJHV GXULQJ WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH PRQVRRQ SHULRGV DQG V\QFKURQL]DWLRQ RI WKH
IHHGLQJ VWDJHV DQG UHSURGXFWLYH VWDJHV 2XU
UHVXOWV UHYHDO WKDW WKH IROORZLQJ IDFWRUV KDYH
FRQWULEXWHG WR WKH HQRUPRXV VXFFHVV RI L. tristis
LQ WKH UHJLRQ viz  FDSDFLW\ RI ROLJRSDXVH GXULQJ
WKH VHDVRQDOO\ LQLPLFDO ZHW VHDVRQV  DURXVDO
IURP GRUPDQF\ V\QFKURQL]HG ZLWK WKH UHWXUQ RI
GU\ VHDVRQV  DQQXDO OLWWHU IDOO LQ WKH UXEEHU
SODQWDWLRQV  FRPSOHWLRQ RI VHQVLWLYH VWDJHV LQ
WKH OLIH KLVWRU\ EHIRUH UHWXUQ RI LQLPLFDO
FRQGLWLRQV DQG  WKH DPD]LQJO\ KLJK VXUYLYDELOLW\
RI DOO HDUO\ GHYHORSPHQWDO VWDJHV viz ODUYDH DQG
H[SRVHGSXSDH
:H H[SHFW WKDW WKH UHVXOWV ZLOO OHDG WR IXUWKHU
UHVHDUFK WR DQVZHU WKH IROORZLQJ TXHVWLRQV DERXW
L. tristis
 6LQFH JHQHUDWLRQV DUH QRW RYHUODSSLQJ DQG
WKH VDPH EXLOGLQJV DUH UHJXODUO\ LQIHVWHG
OHDYLQJ QHLJKERULQJ EXLOGLQJV XQLQIHVWHG
UDLVHV WKH TXHVWLRQ RI KRZ GR WKH QHZO\
HPHUJHG DGXOWV ZLWK QR SUHYLRXV H[SHULHQFH
VHOHFW WKH VDPH EXLOGLQJV XVHG E\ WKH
SUHYLRXVJHQHUDWLRQIRUDJJUHJDWLRQ"
 :KDW DWWUDFWV WKHP WR DJJUHJDWH LQ VSHFLILF
EXLOGLQJV DQG WKDWFKHG VKHGV VXFFHVVLYHO\ IRU
\HDUV HYHQ DIWHU DSSOLFDWLRQ RI ERWK RUJDQLF
DQGLQRUJDQLFUHSHOOHQWVDQGLQVHFWLFLGHV"
 $UH WKH\ XQLYROWLQH ZLWK ORQJHU GRUPDQF\ RU
KDYH D IDFXOWDWLYH XQLYROWLQLVP QHFHVVLWDWHG
E\ WKH DEVHQFH RI GU\ OLWWHU KDELWDW FRQGLWLRQV
DQGGHSOHWLQJIRRGUHVRXUFHV"
 :KHQ GR WKH JRQDGV EHFRPH PDWXUH DQG
IXQFWLRQDO" ,V LW D FDVH RI UHSURGXFWLYH
GLDSDXVHRUGHOD\HGPDWXULW\"
 +RZ GR WKH YDULDWLRQV LQ HPHUJHQFH FODVV
VWUXFWXUH RI WKH LQGLYLGXDOV DIIHFW WKH
IHFXQGLW\ DQG ILWQHVV RI SRVWGLDSDXVH
EHHWOHV"
 :KDW LV WKH UHDVRQ IRU KLJK PRUWDOLW\ GXULQJ
GRUPDQF\ LQ WKH VKRUWGXUDWLRQ HPHUJHQFH
FODVVHV LQ H[SHULPHQWDO VHWXSV DQG LQ QDWXUDO
DJJUHJDWLRQV" :KDW LV WKH RSWLPXP DQG
PLQLPXP GXUDWLRQ RI IHHGLQJ WLPH UHTXLUHG
EHIRUHGRUPDQF\"
 'RHV WKH PDLQWHQDQFH RI IOLJKW PXVFOHV E\
VXFK D ODUJH DJJUHJDWLRQV RI EHHWOHV
WKURXJKRXW WKH SHULRG RI GRUPDQF\ LQGLFDWH
WKDW WKH DFFXPXODWHG IDW UHVHUYHV DUH RI
VXIILFLHQWO\ KLJK QXWULWLYH TXDOLW\ WR SURYLGH
HQHUJ\IRUSURORQJHGSHULRGV"
$FNQRZOHGJPHQWV
)LQDQFLDO DVVLVWDQFH SURYLGHG E\ .HUDOD 6WDWH
&RXQFLO IRU 6FLHQFH 7HFKQRORJ\ DQG (QYLURQPHQW
.6&67( *RYW RI .HUDOD LV JUDWHIXOO\
DFNQRZOHGJHG :H DUH JUDWHIXO WR 'HYDJLUL &ROOHJH
PDQDJHPHQW &DOLFXW HVSHFLDOO\ )U$XJXVWLQH
7KRWWDQDQL\LO )U -RVHSK 9D\DOLO )U 3DXO
&KDNNDQLNXQQHO IRU WKH IDFLOLWLHV DQG SHUPLVVLRQ
WR FRQGXFW WKH ZRUN LQ WKH UXEEHU HVWDWHV DQG
GRUPLWRU\ SUHPLVHV ZH WKDQN +9 'DQNV
''HQOLQJHU 67DQDND +HOHQ ) 1DKUXQJ 71
$QDQWKDNULVKQDQ 'HUHN 0 -RKQVRQ )HUQDQGR
9D] GH0HOOR 7DQD :RRG -RKQ 3UDVDQWK -DFRE
DQG *HRUJH 0DWKHZ IRU OLWHUDWXUH 2WWR 0HUNO :
6FKDZDOOHU DQG (* 0DWKHZV IRU FRPPHQWV
WD[RQRPLF YHULILFDWLRQV DQG OLWHUDWXUH
7KRPDFKDQ .7 IRU VWDWLVWLFDO DQDO\VLV +HOHQ )
1DKUXQJ 'HUHN 0 -RKQVRQ 6LPRQ 5 /HDWKHU
DQG WZR DQRQ\PRXV UHYLHZHUV IRU FULWLFDO UHYLHZ
FRPPHQWV 'LUHFWRU &:5'0 &DOLFXW IRU
ZHDWKHU GDWD $EKLWKD 3UDEKDNDU IRU WD[RQRPLF
SUHSDUDWLRQV &KDQGUDQ %DODNULVKQDQ DQG 6XUHVK
IRUORJLVWLFDODVVLVWDQFH
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